In mammals, lactating mothers show reduced fear and anxiety. A new study reveals the way by which the lactation-inducing neuropeptide oxytocin attenuates social fear in lactating female mice by inhibiting activity in a single brain area.
Oxytocin is a nine amino acid neuropeptide, the synthesis of which is parsimoniously restricted to two adjacent areas of the hypothalamus, the paraventricular (PVN) and supraoptic (SON) nuclei [1] . Oxytocin is unique among brain neuropeptides (besides its 'twin' neuropeptide arginine-vasopressin, produced in the same areas) in its duality of action: magnocellular oxytocin neurons in these nuclei send one axonal terminal to the posterior pituitary, from where they secrete oxytocin to the peripheral blood system [2] , and most, if not all of these neurons also send axonal collaterals to specific brain areas and release oxytocin in these targets [3, 4] . Thus, oxytocin released by the same cells acts both as a neurohormone in the periphery and as a neuromodulator within the brain. The precise relationship between these two seemingly separate modes of oxytocin activity is not known. In a new paper published in a recent issue of Current Biology, Menon et al. [5] provide new information that begins to clarify this issue.
The best established role of oxytocin in the periphery is related to maternal functions, e.g. labor and lactation [6] . Oxytocin release into the blood plays a pivotal role in uterus contractions during labor and is crucial for the milk ejection reflex during lactation. It is therefore not surprising that the level of oxytocin receptor (OXTR) expression in the uterus and mammary glands, as well as oxytocin level in the blood rise dramatically before labor and stay high in lactating mothers. In parallel, OXTR level in many brain areas, including limbic areas linked to emotions, is also increased before labor [7] , suggesting an enhanced involvement of oxytocin in regulating the emotional behavior of mothers.
Earlier studies showed that lactating rats are more aggressive towards conspecifics and less fearful than virgin rats [8] . For example, lactating mothers showed reduced time in fear-induced freezing postures in response to an aversive auditory tone than virgins [9] . These motherhood-induced behavioral adaptations are thought to be mediated by oxytocin [10, 11] , signifying a coordination between central and peripheral actions of oxytocin.
In the current study, Menon et al. unravel a novel mechanism mediating the tempering effect of oxytocin on social fear responses of lactating mice. They used a behavioral paradigm called social fear conditioning, which pairs, on day 1, foot shocks and a specific social stimulus. On day 2, the animals performed an extinction protocol comprising three exposures to a control non-social stimulus followed by six exposures to the social stimulus from the previous day. On day 3, the animals underwent a recall protocol comprising six exposures to the same social stimulus. This paradigm, previously used with male mice only [12] , reports both the level of induced social fear and its time course of extinction during repeated exposures to the conditioned social stimulus. Surprisingly, while virgin females showed a profound social fear response on day 2, which was gradually extinguished during the extinction protocol, lactating mothers behaved similarly to unconditioned animals and showed no social fear response.
The authors then used immunostaining against the neural-activity marker cFos to identify brain areas exhibiting differences in neural activation during social fear responses, between virgin and lactating female mice. They revealed a lactationspecific significant reduction in cFos expression only in the lateral septum (LS), where oxytocin activity was previously found to enhance extinction of social fear responses of male mice [12] . The authors then employed genetically modified mice in which the fluorescent marker GFP is specifically expressed in OXTRexpressing cells, to probe which neurons in the LS express this receptor. They revealed specific OXTR expression in a population of calbindin-positive, inhibitory interneurons of the LS. Using microdialysis to monitor the levels of oxytocin release in the LS before, during and after social fear response, the authors found a significant increase in oxytocin levels measured in lactating mothers during fear responses, while no such increase was observed in virgin females. These results suggest that enhanced oxytocin release in the LS of lactating mothers reduces their social fear response by activating inhibitory interneurons in this brain area.
To validate this suggestion, Menon et al. manipulated the oxytocin system in the LS in various ways, and found that injection of oxytocin into the LS, as well as overexpression of the OXTR in this brain region, of virgin females significantly reduced their social fear response. In contrast, infusion of OXTR antagonist to the LS, as well as a knockout of the OXTR gene, elevated the fear response of lactating mothers, to a level that was similar to virgin females. These experiments confirmed that oxytocin release in the LS does reduce social fear in lactating mothers. Next, the authors aimed to identify the source of oxytocin innervation in the LS and to understand why it is more active in lactating mothers than in virgin females. Prior to the new study from Menon et al., most if not all behavioral effects of oxytocin were found to emerge from PVN neurons [13] , and the SON was traditionally neglected as a source of forebrain innervation by oxytocinergic fibers, despite evidence for such innervation [3] . Surprisingly, Menon et al., using retrograde viral-vectors to trace oxytocin neurons that innervate the LS, found that the main source of oxytocin fibers in the LS is the population of oxytocin neurons in the SON. Indeed, inhibition of neural activity in these neurons using pharmacogenetic manipulation strongly augmented the social fear response of lactating mothers and prevented any extinction of this fear response. Moreover, the authors found a two-fold increase in the number of oxytocin-expressing fibers in the LS of lactating mothers as compared to virgin females, suggesting a proliferation of these axonal terminals in lactating mothers.
Thus, the results of this study lead to a double breakthrough. First they demonstrate a clear behavioral role for the innervation of the LS by oxytocin fibers from the SON, indicating that not only the PVN, as previously thought, but also the SON plays an important role in oxytocinmediated regulation of social behavior. Second, they show that this innervation is augmented in lactating mothers, a plastic process leading to enhanced release of oxytocin in the LS. By activating local inhibitory interneurons, the enhanced release of oxytocin inhibits neural activity in the LS, subsequently attenuating fear responses of mothers. The study of Menon et al. echoes a recently published study in rats [14] , where the authors used odor fear conditioning to show that oxytocin acts in the central amygdala to prevent fearinduced freezing response in lactating mothers, thus enabling them to actively protect their pups. Together, both of these studies show how oxytocin modulates brain activity to prevent an adaptive fear response, such as freezing, in situations where it could possibly be maladaptive, such as when mothers protect their offspring. These findings also reveal a clear match between the physiological role of elevated peripheral oxytocin during lactation and the behavioral consequences of its enhanced brain activity during this precarious period (Figure 1) . Thus, these studies are a step forward in understanding that the dichotomy between brain and periphery is artificial and that they should be conceived and explored as one gestalt.
From a broader perspective, social rodents, like humans, live in multigenerational colonies containing females in all stages of the reproductive cycle, including virgins. Previously, it has been reported that oxytocin release in the auditory cortex of virgin female mice co-housed with lactating mothers and their pups accelerates the emergence of maternal behavior displayed by the virgin females [15] . Together, all of these studies suggest that the extended oxytocin system in the central nervous system affects group dynamics beyond the individual, and modulates complex social networking, thus increasing colony fitness (Figure 1 ).
Bacteria protect themselves against infection using multiple defensive systems that move by horizontal gene transfer and accumulate in genomic 'defense islands'. A recent study exploited these features to uncover ten novel defense systems, substantially expanding the catalog of bacterial defense systems and predicting the discovery of many more.
Bacteria are at risk for both cell death and genomic invasion by a variety of genetic parasites including phages and plasmids. To protect against these threats, bacteria employ three general strategies for defense. These include: preventing cell entry (via receptor masking or variation); abortive infection (altruistic suicide and/or dormancy of infected cells to protect kin from
